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* NOTICES * • ^H^* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is a descaling nozzle for making water breathe out from a nozzle by pressure of 40 or more MPas of 
discharge pressures, making it collide on the surface of a steel plate in distance of 150mm or less from a 
discharge opening to a steel plate, and performing descaling. A discharge direction of discharge flow is a 
descaling nozzle characterized by having breadth in the one direction (henceforth the "cross direction") of 
[ within a field perpendicular to a nozzle axial center ]. and having an erosion thickness angle of the range of 1.5- 
2.5 degrees in the direction (henceforth the "thickness direction") perpendicular to this cross direction. 
[Claim 2] It is the flat spray nozzle for descaling which it is a flat spray nozzle for descaling for making water 
breathe out from a nozzle by pressure of 40 or more MPas of discharge pressures, making it collide on the 
surface of a steel plate in distance of 150mm or less from a discharge opening to a steel plate, and performing 
descaling, and has a path limb in the upstream of a discharge opening, and a bore of this path limb is 7 to 10 
times the minor axis of a discharge opening, and is characterized by length L of this path limb being 100mm or 
more. 

[Claim 3] A descaling method which sets distance from a discharge opening to a steel plate to 75-1 50mm, and is 
characterized by making water breathe out from a nozzle by pressure of 40 or more MPas of discharge 
pressures, and performing descaling on the surface of a steel plate in hot rolling of high Si steel using a descaling 
nozzle according to claim 1 or 2. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] 

[The technical field to which invention belongs] This invention relates to the descaling nozzle and the descaling 
method at the time of hot-rolling steel especially with many Si contents about the removal method of the scale 
using the descaling nozzle and this descaling nozzle for removing the scale on the surface of rolled stock at the 
time of hot-rolling steel. 
[0002] 

[Description of the Prior Art] On the occasion of hot rolling of steel, slab is inserted in a heating furnace in 
advance of rolling, and it heats to a 1 100-1400-degree C elevated temperature. Since the inside of a heating 
furnace is an oxidizing atmosphere, during heating, the surface of slab oxidizes and a scale generates it. A scale 
makes an iron oxide a subject and the thickness of the scale on the surface of slab in the time of being 
extracted from a heating furnace amounts to 1-2mm. If it rolls out while this scale had adhered to the slab 
surface, a scale remains as interlocking and a scale crack on the surface of rolled stock. In order to prevent 
generating of this scale crack, the method of injecting water by the pressure of 100-1 50kg/cm2 on the steel 
plate surface before rolling from the former, and removing a scale is learned. 

[0003] However, the ease of carrying out of exfoliation of a scale changes also with components of steel, and it 
is known that the scale generated to steel especially with many Si contents cannot exfoliate very easily. This 
reason is that the characteristic structure in which the fire light (Fe2Si04) generated on the occasion of scaling, 
and the interface of a scale and steel became intricate intricately is formed. In hot-rolling the steel which the 
scale of such structure generates, by the above-mentioned descaling method, a scale cannot fully be removed, 
but a scale crack remains on the product surface after rolling, and it becomes the cause of a product defect. 
[0004] In order to solve the above-mentioned problem of high Si steel, the method of injecting the high-pressure 
water of 30 or more MPas of discharge pressures, and removing a scale is proposed. The clarification method on 
the surface of a steel plate which the drop generated in the drop style field among the liquid flow made to 
breathe out from a nozzle by 300-1 000kg/cm2 [ of discharge pressures ] (306-1 020MPa) and discharge- 
pressure x discharge quantity (kg/cm2x liter / cm2) >=0.8x (wt%Si) is made to collide with the steel plate 
surface, and is made into clarification is indicated by JP.8-24937,A. The water which installed the breadth cross 
direction of discharge flow crosswise [ of hot-rolling material ], and injected it using the flat spray nozzle for the 
nozzle is opened crosswise [ of hot-rolling material ]. 

[0005] In the way inject high-pressure water and an erosion operation of a jet removes a scale, a peak arises in 
the amount of erosion with the distance (injection distance) on a nozzle and the surface of a steel plate. In the 
optimal injection distance, a jet separates into a drop, when each drop collides with the steel plate surface, an 
impulse wave is generated by sudden compression of a drop, and erosion of the collided material is carried out 
by the water hammering by this impulse wave. When the amount of erosion decreases on the other hand since 
the jet will not fully have separated into a drop, if injection distance is too shorter than this optimal injection 
distance, and injection distance is too longer than this optimal injection distance, a drop will dissociate still more 
minutely, and will atomize and reduction of the amount of erosion will be caused. In said JP.8-24937,A, the 
maximum and minimum of distance on a nozzle and the surface of a steel plate are specified as a function of a 
discharge pressure and whenever [ angle-of-divergence / of a nozzle ]. 
[0006] 

[Problem(s) to be Solved by the Invention] By the descaling method using the above high-pressure water, 
descaling capacity can improve as compared with the descaling method by conventional low voltage water, and a 
scale crack can be reduced now also in high Si steel. However, in order to fully remove the scale of high Si steel. 
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still, the conventional clescali'ng|fl^le was not enough. Moreover, since t^^^^ount of erosion will decrease if 
the distance on a nozzle and theKirface of a steel plate is extended, this^Rance must be shortened. 
Therefore, when the problem that a nozzle is damaged by the rebound-phenomenon style of the jet on the 
surface of a steel plate, or the steel plate was wavy, there was a problem that the steel plate contacted a nozzle 
and damaged a nozzle. 

[0007] When the nozzle failure by the rebound-phenomenon style on the surface of a steel plate is prevented 
and the steel plate is wavy, this invention aims at offering the descaling nozzle and the descaling method of 
preventing the nozzle failure by contact of the steel plate, while it improves the erosion capacity of a descaling 
nozzle and aims at much more reduction of the scale crack of high Si steel. 
[0008] 

[Means for Solving the Problem] Namely, the 1 st feature of this invention makes water breathe out from a 
nozzle 1 by pressure of 40 or more MPas of discharge pressures. It is a descaling nozzle for making it collide on 
the surface of a steel plate in distance of 150mm or less from a discharge opening 2 to a steel plate 5, and 
performing descaling. A discharge direction of discharge flow is in a descaling nozzle characterized by having 
breadth in the one direction (henceforth "the cross direction 7") of [ within a field perpendicular to a nozzle 
axial center ], and having the erosion thickness angle phi of the range of 1.5-2.5 degrees in the direction 
(henceforth ' the thickness direction 8") perpendicular to this cross direction. 

[0009] In this invention, erosion thickness [ of a jet ] b (mm) is thickness [ of a part by which erosion was 
carried out to a polished surface of aluminum JIS-5050 by performing injection for 30 seconds ] b ( drawing 5 ). 
Moreover, erosion thickness angle phi (degree) is computed by the following formulas from erosion thickness b 
(mm), the nozzle discharge opening minor axis ds. and the injection distance H (nozzle-steel plate distance). 

phi:=2tan-1[(b-ds)/2H} 

A condition which injects discharge flow 4 to a steel plate 5 using a flat spray nozzle is shown in drawing 5 . In 
descaling using high-pressure water, while discharge flow 4 serves as a drop of optimal diameter in the suitable 
injection distance H from a nozzle 1, each drop generates an impulse wave by sudden compression of a drop at 
the time of a steel plate collision, and needs to carry out erosion of the collided material by water hammering by 
this impulse wave. However, since a drop of the backside will collide while a drop by the side of before exists in 
the steel plate surface if it approaches before and behind on the same elementary stream of discharge flow 4 
and a drop exists, a drop of the backside cannot generate an impulse wave by sudden compression, and cannot 
demonstrate an effective erosion operation. In descaling by the conventional flat spray nozzle, in the injection 
distance H from which a diameter of a drop becomes the optimal, a rate of liquid-phaseHzing of a jet field did 
not fully fall, but this invention persons showed clearly that an erosion operation with drop's existence density 
effective [ past / the high one / and all drops ] is not demonstrated. 

[0010] If theta is enlarged whenever [ angle-of-divergence / of the cross direction of a flat spray nozzle ], in the 
same injection distance H, a rate of liquid-phase-izing of a jet field can be fallen. However, if theta is 
[ whenever / angle-of-divergence ] too large, in a field of a crosswise outside, a steel plate surface 
perpendicular component of the regurgitation rate of flow will decrease, and evil of a fall of the amount of 
erosion in this crosswise outside field will occur. 

[001 1] In this invention, a rate of liquid-phase-izing of a jet field fully falls in the injection distance H from which 
a diameter of a drop becomes the optimal by increasing the erosion thickness angle phi of the thickness 
direction 8 of discharge flow. Consequently, a drop which approaches and exists before and behind on the same 
elementary stream of discharge flow 4 can be reduced, and all drops can demonstrate an effective erosion 
operation. While being able to increase by this a value of the amount peak of erosion in the injection distance H 
from which the amount of erosion becomes max, the range of injection distance which can obtain the required 
amount of erosion was able to be increased. Consequently, when it became possible to extend distance between 
a nozzle 1 and a steel plate 5 and failure and a steel plate of a nozzle by rebound-phenomenon style of a jet 
from a steel plate were wavy, securing the required amount of erosion, failure of a nozzle by contact of the steel 
plate could be prevented. 

[0012] amount of water of a collision jet [ in / in order to destroy a scale in descaling of a steel plate generally 
used conventionally / the steel plate surface ] — when it was more advantageous to raise density and a flat 
spray nozzle was used for that purpose, it was thought that descaling with the thinner good one could do the 
erosion thickness angle phi of a jet. This invention has the feature in a place which is the high pressure of 40 or 
more MPas of discharge pressures, and found out that descaling with better thickening the erosion thickness 
angle phi of a jet was made to reverse in descaling in case nozzle steel plate distance is 150mm or less. 
[0013] The 2nd feature of this invention makes water breathe out from a nozzle 1 by pressure of 40 or more 
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MPas of discharge pressures. 11^^ flat spray nozzle for descaling for mal^Ht collide on the surface of a steel 
plate in distance of 150mm or I^Wrom a discharge opening 2 to a steel pl^^S. and performing descaling. It has 
the path limb 3 in the upstream of a discharge opening 2, and the bore D of this path limb 3 is 7 to 10 times the 
minor axis ds of a discharge opening 2. and length L of this path limb is in a flat spray nozzle for descaling 
characterized by being 100mm or more. 

[0014] In the conventional flat spray nozzle, a configuration of a discharge opening 2 was made elliptical [ of a 
major axis / minor-axis ratio / large ], and a nozzle which has arranged a rectifier to the upstream of a 
discharge opening was used. A thing using a stabilizer as a rectifier or a thing of only having a limb whose bore is 
about 8-1 4mm simply is known. By using such a spray nozzle, crosswise [ of a jet / 7 ], it had theta whenever 
[ 10 degrees - 50 degrees angle-of-divergence ]. and discharge flow 4 with a thickness angle [ phi ] of less than 
1 .5 degrees was realized in the thickness direction 8 of a jet. Also in a high-pressure descaling nozzle of 40 or 
more MPas of discharge pressures, it was the same. 
[001 5] A nozzle of this invention is shown in dravying 4 . 

[0016] In this invention, the path limb 3 was formed in the upstream of a discharge opening 2, the bore D of the 
path limb 3 was 7 to 10 times the minor axis ds of a discharge opening, and length L of the path limb 3 was able 
to increase the range of injection distance which can obtain the required amount of erosion while being able to 
increase the amount of erosion in the injection distance H from which the amount of erosion becomes max by 
being referred to as 100mm or more. In the descaling nozzle 1 which formed the path limb 3 in the upstream of 
the discharge opening 2 of this invention In injection distance from which thickness of the thickness direction 8 
of discharge flow 4 is thick as compared with the conventional flat spray nozzle, and it becomes the optimal [ a 
diameter of a drop ] accumulating A rate of liquid-phase-izing of a jet field fully falls, and can presume what 
came to demonstrate an erosion operation with almost all effective drops for the same reason as invention of a 
configuration of the above 1st. Erosion thickness b of discharge flow is increasing in a location of arbitration of 
the cross direction 7 of the discharge flow 4 which has breadth crosswise [ 7 ], and the improvement effect of 
an erosion operation of this invention can be enjoyed also in which crosswise location of discharge flow. 
[0017] The 3rd feature of this invention is in a descaling method characterized by making water breathe out from 
a nozzle by pressure of 40 or more MPas of discharge pressures using a descaling nozzle of the above 1 st or 
the 2nd invention, using distance (injection distance H) from a discharge opening to a steel plate as 75-1 50mm, 
and performing descaling on the surface of a steel plate in hot rolling of high Si steel. 

[0018] It is the operation of a descaling nozzle of the above 1st or the 2nd invention. Engine performance of a 
descaling nozzle of this invention is demonstrated using 40 or more MPas and injection distance H as 1 50mm or 
less for a discharge pressure. Furthermore, by setting injection distance H to 75mm or more, when it can 
prevent that a jet reflected on the steel plate surface collides with a nozzle 1 , and damages a nozzle and a steel 
plate is wavy, the steel plate 5 can prevent contacting a nozzle 1 and damaging a nozzle. 
[0019] 

[Embodiment of the Invention] As a discharge opening 2 of a spray nozzle 1, a major axis / minor-axis ratio can 
use the elliptical discharge opening 2 of 1.4-1.8 like the conventional flat spray nozzle. Whenever [ angle-of- 
divergence / of the cross direction of a jet ] can be adjusted by choosing a major axis / minor-axis ratio. The 
range of 20-40 degrees is [ whenever / angle-of-divergence ] suitable for theta. At less than 20 degrees, if the 
covering range for descaling is small, is unsuitable as a contiguity nozzle and exceeds 40 degrees, the steel plate 
surface perpendicular component of the collision rate of flow becomes small at the crosswise both ends of a jet. 
and sufficient descaling capacity cannot be demonstrated. The cross section of a discharge opening 2 can be 
chosen so that the required amount of discharge flow can be secured. Usually, the cross section of a discharge 
opening 2 is chosen from the range of 2 18-70mm. 

[0020] As for the discharge pressure of spray water, it is desirable to consider as the range of 40-lOOMPa. It is 
because it is difficult to obtain impact destructive power sufficient in less than 40 MPas for descaling of the 
steel materials containing 1% or more of Si, and is because it will become difficult for destructive power to be 
too large and to acquire homogeneity if lOOMPa is exceeded. 

[0021] The gestalt of operation of this invention is explained based on the result of having evaluated the amount 
of erosion of an aluminum board using the spray nozzle 1 of this invention. 

[0022] The thing with 6-25mm [ of diameters of path expansion circles ] and a path limb length of 150mm was 
used for the discharge opening 2 as a path limb 3 of the upstream of a discharge opening 2 using the discharge 
opening 2 of an ellipse form with 2.6mm [ of minor axes ], and a major axis of 3.8mm. The discharge pressure set 
to 45MPa(s) and theta of the amount of discharge flow was 30 degrees whenever [ angle-of-divergence / of a 
1 101. a part for /and a jet ]. Using this spray nozzle, various bores of the path limb 3 and distance between a 
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discharge opening 2 and an aluc^^^ board (injection distance H) were cF^^^d, and erosion thickness b of a jet 
was measured. Carrying out inj^Kn to the polished surface of aluminum^^-5050 for 30 seconds, and 
measuring the thickness of the part by which erosion was carried out estimated erosion thickness [ of a jet ] b 
(mm). Moreover, erosion thickness angle phi (degree) is computable by the following formulas from erosion 
thickness b (mm), the nozzle discharge opening minor axis ds, and the injection distance H. 
phi=2tan~1{(b-ds)/2H} 

The relation between the erosion thickness angle phi of the thickness direction 8 of discharge flow and the 
amount of erosion is shown in drawing 1 . Erosion thickness angle the order of 1 degree is the conventional 
example (about 14mm of diameters of path expansion circles). By making the erosion thickness angle phi into 
1 .5-2.5 degrees shows that the amount of erosion increases. When the erosion thickness angle phi was extended 
to about 3 degrees, the erosion depth decreased, and the orientation for the amount of erosion to fall to reverse 
was seen. 

[0023] The relation between the diameter of path expansion circles / discharge opening minor-axis ratio of a 
nozzle 1 (D/ds), and the amount of erosion is shown in drawing 2 and 3. The amount of erosion is improved [ 7 
to 10 times of this invention range ]. and the diameter of path expansion circles / discharge opening minor-axis 
ratio shows a high value as compared with the conventional example (the diameter of path expansion circles / 
discharge opening minor-axis ratio is 5.4). 

[0024] As for length L of the path limb 3, it is desirable to be referred to as 100-300mm. The effect is for not 
increasing, even if the effect of a path limb is not demonstrated enough, but less than 100mm of the breadth of 
the nozzle thickness direction is insufficient and it prepares for a long time exceeding 300mm. 
[0025] When performing descaling of a steel plate using the descaling nozzle 1 of this invention, distance 
(injection distance H) of a discharge opening 2 and the steel plate 5 surface is set to 150mm or less. In descaling 
using the impulse force of the drop in high-pressure water injection, it is because a drop will minor-diameterHze 
and required impulse force will not be acquired, if the injection distance H exceeds 150mm. On the other hand, 
since an effective drop will not be formed and impulse force will not be acquired if the injection distance H is too 
short. 75mm or more is required for the injection distance H also at the shortest. Preferably, injection distance H 
is set to 100mm or more. If injection distance H is lengthened, when it can prevent that the jet reflected on the 
steel plate surface collides with a nozzle, and damages a nozzle and the steel plate is wavy, the steel plate can 
prevent contacting a nozzle and damaging a nozzle. And in the descaling nozzle 1 of this invention, since the 
range of the injection distance H which can secure impulse force is wide so that clearly from the result of the 
above-mentioned amount of aluminum board erosion, descaling capacity can fully be held for jet distance also as 
1 00mm or more. 

[0026] There is especially no limit in the steel-materials skin temperature at the time of performing descaling of 
this invention, and, generally descaling is performed at 950 degrees C - 1 100 degrees C. 

[0027] In this invention, as for high Si steel. Si content in steel says 0.5% of the weight or more of a thing. At 
less than 0,5 % of the weight, it is because it is not different from the common steel with which the removal 
condition of the scale in hot rolling does not contain Si. 
[0028] 

[Example] Descaling of a steel plate was carried out using the descaling nozzle of this invention about hot rolling 

of the high Si steel of 1 - 2% of Si contents. The slab size used for rolling is [ 600-1 500mm and thickness of 

width efface ] about 240mm before and after a length of 8500mm. Carrying out descaling of this invention 

before finish rolling, the steel plate thickness at that time is about 40mm. 

[0029] 

[A table 1] 
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[0030] The item of manufacture conditions and the used descaling nozzle 1 and a processing result are shown in 
a table 1. No-1-9 of a table 1 are an example of this invention. By using the descaling nozzle in this invention 
within the limits service condition, each scale survival rate was able to obtain 5% or less and a good result. 
[0031] No.10-15 are an example of a comparison. No.10-13 — the bore D of a path limb — less than 7 times of 
the minor axis ds of a discharge opening — it is — No. — as for 14 and 15. the bore D of a path limb was over 
10 times of the minor axis ds of a discharge opening, therefore neither was able to become less than 1.5 degrees 
and the erosion thickness angle phi has not improved a scale survival rate for it. 
[0032] 

[Effect of the Invention] In the descaling nozzle for making water breathe out from a nozzle by the pressure of 
40 or more MPas of discharge pressures, making it collide on the surface of a steel plate in the distance of 
1 50mm or less from a discharge opening to a steel plate, and performing descaling Having the thickness angle phi 
of the range of 1.5-2.5 degrees, or when it has a path limb in the upstream of a discharge opening, and the bore 
of this path limb is 7 to 10 times the minor axis of a discharge opening and length L of this path limb sets to 
100mm or more The injection range which improves the descaling capacity of a descaling nozzle and has 
required descaling capacity was expandable. Thereby, while aiming at the improvement of the scale crack in hot 
rolling of high Si steel, the life of a descaling nozzle was extensible by making distance on a nozzle and the 
surface of a steel plate larger than before. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the erosion thickness angle of a descaling nozzle, and the relation of the 
amount of erosion. 

[Drawing 2] It is drawing showing the relation of the injection distance of a descaling nozzle, and the path limb 
size D/ds and the amount of erosion. 

[Drawing 3] It is drawing showing the relation between path limb size D/ds of a descaling nozzle, and the amount 
of erosion. 

[Drawing 4] It is drawing showing the descaling nozzle of this invention, and (a) is front view and (b) is a cross 
section. 

[Drayying 5] It is the perspective diagram showing the condition which has injected water in a steel plate from a 
descaling nozzle. 
[Description of Notations] 

1 Nozzle 

2 Discharge Opening 

3 Path Limb 

4 Discharge Flow 

5 Steel Plate 

6 Discharge Flow Collision Section 

7 Cross Direction 

8 The Thickness Direction 
H Injection distance 

L Path limb length 

D The diameter of path expansion circles 
ds Discharge opening minor axis 
Jet width of face 
b Erosion thickness 

theta Whenever [ angle-of-divergence ] 
phi Erosion thickness angle 
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C57) [g*^] 

l;0^6*^ti:a^'«±. ltfca?L2:^>6»«5*-CCDS§«l 

(OT rjlc^^T^f^S J ctCi^) (fCl. 5-2. 5" CD 

7- 1 Ofgr$>f9. igS&;^gP(DS$L^S 1 OOmmfe^ 
— yX;l/o 





1 

im^m 1 ] tttllEE:^?4 OMP aJy±CDffi:t?-C^X>»l/ 

maTvm^ommdcmm ? i^t x ^ -;n***tf ^ tc 
/I ^ ^ s * w -r 4 c i * <b s 7" >^ ^ - y > ^ X 

[ f«*^ 2 ] (ttWEE:^ 4 0 M P a J^±CDIE :^^'C Xj!. 
iy^hM^^tm^^. ti:tB?W^e>»J«*-COSgg|l 5 Om 

m«TriH*gcD^SCC^5l^ Sif r ;^ >;r - ^tf 5 

m^^mi<Dmm<o 7-10 fl&-c*> 0 , kskiij^spcds 

] ISS i ^(Dl^.HEEgitC;fo-CiT. ff^ 1 
3l^i2^iEttcDT'>^<Jr-y >^yX;b^ffli^ tt[ii7L50^ 
6m«^rcD^«^7 5-1 5 Ommcbbr. RiaEE:/^ 
4 0 MP a W±CDlI;^?r-/X>rl/;&>6;^^q±a 5 if riH^ 

[0 00 1 ] 

^ ^(DJE X ^ - ^ l^iT -5 dbcD-r X -ir - 

y^^yX^l/SO'igr'X^ir- »;>i5^>/X;l/*fflli/cX>r 

^0 ^JB^f^r^ EESi-r ^ f^<D 7^'X ^ - i; > i57V XJl/SCKX 

[0 002] 

xm)^^mm)^(tcmA lxi 100-1400 'comi^ 
->^:^m>imm(icinmLfc^^x'EM^^if^t. emu 

S^HuCDiiM^Stc 1 0 0— 1 5 0 k g/c m'<Dffi;:^?-C 

m(^cx^mA.fcmm<Dm^mm$ti^i)^hx^^. c 



C2) mi 2 0 0 0 - 2 6 3 1 2 4 
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c 0 0 0 4 ] Ks i m<D±ME.r^m^m^r^fc^. D±ui 

E.t} 3 0 M P a W±(D*IE7K^*S^Ur X^-;U?:|^S 

T^:;^s*:^^S*$nrc^eo #gfW8 - 2 4 9 3 7-^^ 

$6rti. D±WE;^3 0 0- 1 0 0 0 k g/cm^ (3 0 
6-1 0 2 OMPa) . tttliIi;^?xiJ±ai« (kg/cm 
10 'X i; y h;u/cm') ^0. 8 X (w t%S i ) X 

[0 00 5 ] «?II*^i@Sf L.r«SS<D«Af^ffltc J: x 

:^'r-ji^m^-i'6yjmci^^^x{t. yX}\ytm^^m 
LcDs^m (msmm) ccj:^xm'^(tct:-^^i^o 
i>. mMumnmm^cioi^xkt. m^fimmdc^niy. 

m^m^^^i^. c(Dmmmcx^7\^m{'^m^cj;:-oxi& 

^mr^^t. m^:^+^(fcmm(fC^muxi^rj:i.^(ox 

r^'^^. mm^^^^mm^^mcxmmitL. 

t^Tmi^iti^Ktit y X)V(Dfj:f)^K>n^L(Dmmtux 
mmuxi^^. 

30 [0 00 6] 

ms im(rC^l^xi>:^^-)\ym^iSM'r6cti)^x 
^^J:^(,crJi^tco l^-^^L. MS im<D:^^-)V^+^ 

fc+^x^trj::f)^-yfc. ^/c. y :X)Vtmmmmt<DS^m 

^mtj:i>^ ^(Dtc^. mwLmMx<Dmm.<Dmt^i§.^:^mc 

40 J: r?T^X;l/)&5®^Ji^ 5^1^-5 Wis. ^^\.^{tmW)m 
tTo ri^ ^Ja-^cc-ecDiii^jO^ Xji/Cc^Hi L r y XjI/^ 

©tit" -5 <h l> PpIS:^^* o /Co 

[0 00 7 ] :*:|%Bg(J. r^X>5r-- ^) ly ^ y X }V<Dmmt 
i<!:4>CC. ^Ka®rcD£l^^jl*3S0cJ:^yX;UfflJJl^ 
cc J: ^ >^ X;b5SfI*K5ihT ^ c <h cor * f=^x >$r - 1; > 

50 [0 00 8 ] 
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^OttH?^. tttH?L2;0^e)^^5S-C(DggBf 1 5 0mm 

[0 00 9 ] *^B^tc4dl^r. «gfeCD«Ail-5^f b (m 
m) r.'U^^r^A J I S-5 0 5 0CD9F®®CC3 0 

5) „ S/c. m®;^ftjg<^ C ) ti. i§l:^jl^b (m 
0=2tan-* { (b-ds) /2H} 

n& e^^A^-r^^t. myi\^ 9\-mo:>mm cc ^ r tt 
x(Dm'Mm<D{srfti^ ^^m^m^t^^ 

[0 0 1 1] 2|s:^BJCCfcl>Tt^. ^tliim<Dm^y7l^S<D 

m^xu^ti>mm^{&m.^hctt^x^. -r^xiDm 
mt^mnrj:m^Mm^^n'^^cti)^x^i>. cn^cj: 
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P;5±-r ^ c cb ^> J: 5 ^c^c o 
[0012] U^—m(^m<.>hinX\.^tcmm.(D7':^^- 

10 MP a«±(Dl*ET\ :?:)^o>'X;l/|BiS^^;&5 15 0mm 

c i * m tu 0 A: i c ^ cc CD #m ^ c 

[0 0 1 3 ] *^?3(Z)^2CD^MtS. P±atlE:^4 0MP 

6«ffi5 ^rCDSSt 1 5 0 mm]:^XTxm^(OmM^m^ 

hxyu-yX;U-c*or. ti:ai?L2c7:>±sSffly^cSJ£ 
^AcSSS^Wb. igSl£;^gP3(DrtSD:6^ia:tt5?L2CDSS 
20 d s(D7--l 0mr'$)J3. iSflJiz;>^SBCDg?Ltil 0 0 

[0014] fie3K(D7^ ';» h><:7'u-^X;l/tc4dlir 

n±ai?L2(7)ff^^SS/^2mcD>^^i^:mnjfJ1:^<h 

^r^(D^<Dh(Dtj:t'tm^tlXl^^. ^(D^^t^Xy' 

30 0' --SO' (DiAJO^s^ftse^Wb. m^(Dm^:f5\^s 

/Co P±mE;^4 0MPafel±CD^Jl7=X^-';>i'VX 

[0015] :^l%?3cD^X;l/=5:114^^t-. 
[0016] :^^m^c%s\.^x\iX. P±ai?L2(Di:i^SfHiJ^c:fl 
fi2:;^SP3*ig:C't. MJi£;^gP3<DrtSD:0ip±Hi?L<DmSd 
sCDY- I OfSrabO. mtfc^gg3cDS?Lttl 0 0m 

H^C^l.^:Bm'^&^miKri>Ctf)^X^htth^C. .SL^ 
4(Dj5^:/5r[^8c7:)Jl^;&^fif*c7:>:7'7 h;^r7'U->/X;U 

t u ^m%nm^ci6\.^x. mm^mmymmt^i^^+wc 
ffiTL. }Lumi(om^(owntmm(om^(<cj;:'yx^^ 

^^oim^rtSo 'fi:^f^7CcjA;{)^«9*W-r'SP±mSf£4 
50 :^mM(o^^{'^m(D\^±snmtx^±W{i^<D 
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[0017] :^¥^m(Dm3(onm^. ms i m(DfmEE 

H> ^7 5-^1 SOmmi UT, (d:aiEE:^4 OMPafet 

[0018] ±fBII 1 3l«02 O^WOf^^X 
yX)l(Dmmy7'^X'^^^ 0±[±SJI;^7^4 0MPaia±. 10 

-/ 1 (fcmm UXy ^^MT C i ^m±X^ . 
[0019] 

[ ^m(Dmt^(omm ] :^y'u-y X;l/ 1 cDD±tii?L 2 i b 
fll:t?:)U. 4-1. 8CDffRJf5ttCOP±tH?L2^ffll>6C 20 

2 0 --4 0" O^fflT^WilX?*^. 2 0' * 

^'Xji.^Lrti^jaT'^o. 4 0' ^m^^tmw,<om 

i^^r-^^o aS«P±ai7L2<D»r®fS&il 8-'7 0mm 

'(Dum^^hm^T^o 30 

[0 02 0 ] :^:?*u-7iccDR±miE:/:;t^4 O--! 0 OMP 
ei<Dmm<tri>Ct^m^bi^\ 4 0MPa*?g|r(^. 

ffi^5Sf^;^^f#^c ch^^^if Ui>/ci?)r'*0 . i OOMP 

[0 02 1 ] ^mn<D:^y'iy- yX)vi^m^^xr)V^ 

[0 02 2 ] P±aj?L2^«. ^S2. 6mm. SS3. 40 
8 m mommi Ott {±}?L 2 ^ ffl I ^ a?L 2 (7)±?jSffl(<D 
fm;^SB3 <hLrSteAS|5rtS6-'2 5 mm. SfiSASP 
SS 1 5 0 mmCD*><Z)?:fflli/Co ttmiE:^«4 5 MP a 

f^SijPu^D«:^Jl<5^ b (mm) T.'l^ 5 A J I 
S- 50 5 0<DW^S^3 0»fe1BMI^?:tfC^ 
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^n^<t> V ) m.'^m^h (mm) <byX;Uq±tb7L 

(/>= 2 t a n-M (b -d s) /2H} 

ail^S 1 4 mm!lS) r$>^, i . 5 

[ 0 0 2 3 ] S 2 . 3 y X;H cr)Sl£7t§PrtS/fl±m 
?L^m (D/ds) <!:^:ftS<b(7)M^^?r^-ro Sfi£A 

'sm^^/\^±m^mmw^mnmm(oi 1 orsccfci^ 

r«^S3^5Bi(#5n. (fli£;^gPrtS/R±tB?L*I 

[0 02 4] Sa;AgP3CDS$LtJl 0 0-3 0 0 mm 

tr^Ct-hm^l^^K 1 0 Omm*?ffi-Cti. fli£:;^cgP 

+^T'*>o. 3 oomm*Sx.rs< tst:rr&-ecD5am 

[0 02 5] :$:#§H^CDf':^>ir- y >>/^X;U 1 ^ffli^r 
ai3«<^'rX>rv-y>>^;&^f^l^^^ ttttJ?L2 cb$i«5 ^ 
S<h(DSgSI (i!SS4SS8fH) 1 5 OmmfelTiT^o IS 

ytc4dC^r. PiSttSB^HJ^^n 5 0mm^®^-6 6?g?i>:?5 

fc7 5mmfeLh5&5ii>:^gr*^„ Sf$L/<«. iWS^ggglH 
{Jl 0 0mmJ:y±£^^„ «WffiSIH^S< T^i. m 

<D»«?!)5 >^ XjUCcSM y Xil/^SKSr 6 C *|%± 
r';^^„ -^-L/r. *^?^cDf^X^-y >^yX;l/ Hc:|d 

1 0 0mmJ^±<!:C-Cfe+^>^7^X>ir^y >>^#g 

[0 02 6 ] :^^m(Dx^-)mi:^n^m(Dm^mm 

U^lfOttnicmmtrj: < ^ —^6^(fat. 9 5 0*C-1 1 

[0 0 2 7 ] :$:^?^cc:fei^r. MS i $ntmn^<Ds i 

^WBA^'O. 5Sa%Ji^±(Dfc(D*l^0„ 0. 5ms% 
[0 0 2 8 ] 

i SWai '-'2%(D]gS i JHcD^PBlEJiCCOf^r. ^« 
C7>rX>r-^y>^'^:^SfeL/c„ ffi5i^cfflt^/citK-!t X 
S$ 8 5 0 Ommguf^. »ti^i6 0 0 - 1 5 0 Om 
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[0 02 9 ] 
[^1 ] 
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&^ 


MM. 


mm 




19^ 


D/ds 








No. 


31 
% 


°c 


p 

MPa 


Q 
l/min 
/* 


H 

mm 


e 
« 


• 




w 

m/min 






1 


1 


1 1 70 


40 


104 


150 


30 


1.7 


7 


51 


0«5) 




2 


\ 


1151 


46 


111 


150 


30 


1.8 


7 


60 


0«5) 


n 


3 


1 


1165 


50 


117 


100 


30 


1.7 


7 


110 


0{<5) 




4 


0.9 


1 167 


40 


92 


100 


25 


1.9 


8 


85 


0«5) 




5 


12 


1150 


50 


102 


150 


25 


2 


8 


60 


0«5) 
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1.2 


1170 


45 


135 


75 


30 


1.9 


7.6 


120 


0«5) 
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1.2 


1148 


50 


150 


150 


30 


2.1 


7.6 


85 


0«5) 




8 


0.7 


1168 


40 


46 


150 


30 


2.4 


9.4 


40 


0«5) 




9 


0.9 


1152 


50 


58 


125 


30 


2.4 


9.4 


50 


0«6) 
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1 


1170 


40 


104 


150 


30 


1.1 


5.4 


52 


40 


it 


11 


1 


1150 


50 


117 


100 


30 


0.73 


3.9 


105 


20 




12 


^2 


1166 


45 


135 


100 


30 


0-91 


4.8 


120 


25 




13 


1.2 


1155 


50 


150 


150 


30 


1^ 


4.8 


100 


15 




14 


0.9 


1158 


45 


55 


150 


30 


0.9 


11.5 


SO 


35 




15 


0.9 


lies 


50 


58 


150 


30 


1.1 


11.5 


50 


70 
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l^mconm:] ^tiiK:bA OMP aJii±(DEE:t;T? 
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lVo:>m^(0 7-10 fSr-* o . KSfe;^gpcDS§ L^^ i 
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[03] 'f7.^-'}>ifyX)V(om!iui^^^mD/ds 

[04 1 -^mn<D'fx^- •;>^yx;u^^-r0-c* 
0 . ( a ) ^^iEE0. ( b ) kmmmx^^^. 
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1 yX)V 

2 PlHi^L 

3 mitzKU 

4 tttHSSl 
5 
6 
7 
8 
H 
L 
D 

d s 

a m^M 

b m^m^ 
4> m^m^n^ 
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